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REMARKS 

Status of the Claims 

Claims 1-2, 5-7, 9, 13-18, 21-22, 24, and 26 are pending in the present application. 
Claim 7 is amended. Claims 3, 4, 8, 10, 11, 12, 19, 20, 23, and 25 were previously canceled. 
Claim 15, 17, 22, and 24 are withdrawn as being directed to a non-elected invention. Claim 7 is 
amended to clarify that the human native protein has the described sequence identity to a 
homolog protein "over the whole length" of the mouse to be immunized. Claim 26 is new. 
Support for new claim 26 is found, for example, in pending claims 5 and 6. No new matter is 
entered by way of this amendment. Reconsideration is respectfully requested. 

Issues Under 35 U.S.C. § 102(b) 

Claims 7, 9, 14, 16, and 18 are rejected under 35 U.S.C. § 102(b) as allegedly being 
anticipated by U.S. Patent No. 6,235,714 to Paul et al. ('"Paul") for the reasons set forth in the 
Office Action of December 5, 2008, see Office Action, pages 2-3. In the December 5, 2008, 
Office Action, the Examiner stated that Paul teaches that the human antigen in the exemplary 
CRAA-ILl-p peptide, (PKKKMEK) has 100% identity at the amino acid sequence level to the 
mouse protein antigen, see page 7 of the December 5, 2008, Office Action. In addition, the 
Examiner stated that "[g]iven that the claim does not specify the length of the amino acid level. . . 
PKKKMED reads on the claimed invention", see page 7 of the December 5, 2008, Office 
Action. Applicants respectfully traverse. 

Although Applicants do not agree with the Examiner, independent claim 7 is amended in 
an effort to expedite prosecution. As amended, claim 7 is directed a process for producing an 
antibody comprising immunizing a mouse with Fas function defects with a human native protein, 
wherein said human native protein has a sequence identity of 94% or more at the amino acid 
sequence level to a homolog protein over the whole length, of the mouse to be immunized. 

Applicants submit that the antigens described hi Paul are not encompassed by the human 
native proteins described in independent claim 7. As Applicants noted previously, the claims 
specify native proteins and native proteins do not encompass the PKKKMEK sequence. In 
addition, independent claim 7, as amended, does not encompass the antigen fragments as 
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allegedly described in Paul, since the claims describe "a human native protein which has a 
sequence identity of 94% or more at the amino acid level to a homolog protein over the whole 
length of the mouse to be immunized." 

In view of the foregoing, independent claim 7 is not anticipated by Paul. Further, 
dependent claims 9, 14, 16, and 18, which incorporate all of the elements of independent claim 7, 
are also not anticipated by Paul. Accordingly, withdrawal of the rejection is respectfully 
requested. 

Issues Under 35 U.S.C. § 103(a) 

Mashiko, Yamasaki, Makino, andLage 

Claims 1-2, 5-7, 9, 13-14, 16, and 18-21 are rejected under 35 U.S.C. § 103(a) as 
allegedly obvious over JP-01 047390 to Yamazaki Mashiko et a/., ("390") or U.S. Patent No. 
4,965,198 to Yamasaki et al, ("198") each in view of Makino et al, J. Clin. Lab. Immunol, 
1988, 25:83-88, ("Makino"), and Lage et al, Virchows Arch, 2001, 438:567-573, ("Lage"), see 
Office Action , pages 3-6. Applicants respectfully traverse. 

Specifically, the Examiner states that the '390 publication discloses NZB, NZW, B/WF1, 
MRL/I, BXSB male, and SLTN1 mouse strains. The Examiner further states that the '198 patent 
discloses NZB, NZW, B/WF1, MRL/1, BXSB (SLE) male and SLNi autoimmune mice strains. 
In addition, the Examiner states that Makino teaches that comparative studies between male 
BXSB and MRL/lpr mice at the onset period show that MRL/lpr mice have much higher levels 
of serum immune complexes (IC) than male BXSB mice at 13 weeks, as assessed by fluid- and 
solid-phase Clq-binding assays. The Examiner concludes that an ordinary artisan would have 
been motivated to use MRL/lpr mice because MRL/lpr mice would have been known to produce 
much higher levels of serum IC than male BXSB mice. Lage is cited for describing that GPC3 is 
weakly immunogenic in mice. 

Initially, Applicants submit that BXSB mice were not elected in response to the species 
election requirement, see March 31, 2008, Office Action and response of September 29, 2008. 
Applicants further submit that the BXSB mouse, similarly to the MRL/lpr mouse, exhibits an 
immunodeficient phenotype as a lupus prone mouse. Accordingly, Applicants believe that it is 
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unreasonable to judge whether or not the instant claims are unobvious by assessing the capability 
of MRL/lpr mice to produce antibodies in view of antibody production of BSKB mice. 

Makino teaches (i) that there is no difference between the degradation of IC in the 
glomus between BXSB mice and MRL/lpr mice. Degradation of IC in the glomus is believed to 
cause lupus glomerulonephritis (LGN), a disease that both BXSB and MRL/lpr mice suffer from. 
Makino further teaches (ii) that the level of IC, which binds to Raji cells, is not different between 
BXSB mice and MRL/lpr mice. The Examiner notes that BXSB mice and MRL/lpr mice differ 
in the level of IC binding to Clq and concludes that an ordinary artisan would have believed from 
this observation that MRL/lpr mice are preferable. However, Applicants submit that the 
Examiner is using improper hindsight in view of the claimed invention to make this conclusion. 
As noted above, Makino discloses that there is no difference in IC degradation in the glomus 
between the mice strains. Further, Makino discloses that the levels of IC binding to Raji cells is 
not different between the two strains. Accordingly, Applicants submit that an ordinary artisan, 
reviewing Makino as a whole, would not have come to the Examiner's conclusion that an 
ordinary artisan would have been motivated to use MRL/lpr mice to achieve the instant 
invention. 

In further support of this position, Applicants submit herewith Tomer et al, 
Immunological Investigations, 1988, 17(5):389-424,. ("Tomer et al"), which cites numerous 
journal articles. Tomer et al. teach that autoimmune antibodies, such as anti-DNA and anti- 
rheumatoid factor antibodies, are immediately generated when a B cell activator, such as 
bacterial lipopolysaccharide (LPS), is administered to a normal mouse, see page 398, line 5 to 
page 399, line 9 of Tomer et al. Tomer et al. further show that a normal mouse, such as Balb/c 
mouse, activated by LPS and the like, is equally capable of producing autoantibodies as an 
immune deficient mouse, such as MRL/lpr, see page 400, lines 3-24 of Tomer et al. 

In the June 4, 2009, response, Applicants insisted that the '390 application and the '198 
patent teach that not only do immune deficient mice have an improved ability to produce 
autoantibodies, but Balb/c mice, which have been administered a B cell activator, such as LPS, 
may also be immunized. This knowledge is based on technical common sense and is discussed 
in Tomer et al. Moreover, many other references show that Balb/c mice, which are activated by 
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a B cell activator, can be used as immunized animals. For example, U.S. Patent No. 4,942,131 
teach that Balb/c mice, which have been administered a B cell activator such as LPS, have an 
improved ability to produce autoantibodies, and can be used as an immunization animal to 
produce anti-GM3 (4-O-Ax-NeuGc) antibodies, see column 4, line 58 to column 5, line 6. 

Accordingly, an ordinary artisan would not have recognized from the cited references 
that a mouse, such as an MRL/lpr mouse, which lacks Fas function, is more preferable than a 
Balb/c mouse, which is administered LPS and the like, for antibody production against a human 
antigen, which has a high sequence identity at the amino acid sequence level to a homolog 
protein over the whole length, of the animal to be immunized, hi fact, an ordinary artisan 
reviewing the cited references would have concluded quite the contrary. An ordinary artisan 
would have recognized that the ability to produce autoantibodies from a mouse with an 
autoimmune disease would have been similar to a Balb/c mouse, which has been administered 
LPS or the like. As stated in the previous response, it is Applicants' position that an ordinary 
artisan would have been reluctant to use a mouse having an autoimmune disease to produce the 
described antibodies if the ordinary artisan was aware at the time of the invention that there is no 
advantage to using such a mouse when a Balb/c mouse, modified as described above, may be 
used. In this respect, Applicants reiterate that the cited references teach away from the claimed 
invention. 

In view of the foregoing, Applicants submit that the claims are not obvious in view of the 
combination of cited references. Withdrawal of the rejections is respectfully requested. 

Mashiko, Yamasaki, Lage and Wysocki 

Claims 1-2, 5-7, 9, 13-14, 16, and 18-21 are rejected under 35 U.S.C. § 103(a) as 
allegedly being obvious over the '390 publication or the '198 patent, each in view of Lage and 
further in view of U.S. Patent No. 5,641,488 to Wysocki ('"488"), see Office Action, pages 10- 
11. Applicants respectfully traverse. 

As noted above, it is Applicants' position that the '390 publication, the '198 patent and 
Lage teach away from the instant invention. Accordingly, the claims are not obvious in view of 
these references. The '488 patent is merely cited for teaching MRL/lpr animals. Accordingly, 
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the '488 patent does not remedy the deficiencies of the '390 publication, the '198 publication and 
Lage. 

Based upon the foregoing, the claims are not obvious over the cited references. 
Accordingly, Applicants respectfully request withdrawal of the rejection. 



In view of the above, Applicants believe that the pending application is in condition for 
allowance. 

Should there be any outstanding matters that need to be resolved in the present 
application, the Examiner is respectfully requested to contact Linda T. Parker, Reg. No. 46,046, 
at the telephone number of the undersigned below, to conduct an interview in an effort to 
expedite prosecution in connection with the present application. 

If necessary, the Commissioner is hereby authorized in this, concurrent, and future replies 
to charge payment or credit any overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37.C.F.R. §§1.16 or 1.17; particularly, extension of time fees. 

Dated: FEB 1 7 2010 Respectfully submitted, 



CONCLUSION 



Geraj^MTMuiphy, Jfr/ 
Registration No.: 28,977 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 

8110 Gatehouse Road 

Suite 100 East 

P.O. Box 747 . . 

Falls Church, Virginia 22040-0747 

(703) 205-8000 

Attorney for Applicant 




Enclosure: Tomer et al. 
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Sine- Burnet firat introduead hia "£orbidd«m clenas" fchoory, 
th* difcssfimtnutloft b*tb„» and »o«-i*l£ and tha phy«iolo?i* 

moetianiama of avoiding autoimmunity *«miinad an *nxgma. Th« 
action in *h» put t«* «U**d*a that au-soantibadiaa roasting 
with various *«lff antics ar» common in nornxl* h*« lad to 
iht*n«iva r-n***reh #n tho origin and physiologic relet of than* 
"natural autoantibodia*". Aftar raviawungr th« 0Kt*n**v* 
Utaratura on the appaayanc* of natural tut'oaatttedaas in tiotttal 
animal* and. human*, and th« wtudias proving unaquivoeally that 
natural auteoantibodia* ar* ood*d by g*rri lina geaas, va will 
diacuaa the currant hypofchas** asfplnining thaijr *ppaaranoa and 
physiologic roi*. Dasplte the fact fehafc nuiriaroUE hypefch-*-. 
BipUining- tK* origin of natural *i*t«aritil>odi«* hava bean 
postulate only th« two important ones will h« ditcuxaad. Tha 
flr»t, prope«*d by Cunningham, held* that clon*l dol«tion *• 
vi#w*d by Burnat op«ratwi in wly Uft) hfrwavar, lata! 1 in Ufa 
all autojraactiv* B call* ad* Biiroinatad during cnt*ff*ny sr» 
pravantod Eifftm *Kp«ndin? and s aerating antl-aelf untibodia* by a 
«mp«n*atory *upproa* Q r nwcha.nipjn, thflrefor*, natural 
*uto*ntibodUs ara poBtuUtad to fed aufc'eantibedi «« which ar* 
P!f6da<f+d, only irt minut* quant4ti« allowed by "tb* auppr***ar 
nnohaniem. Tha second hypothesis vt*m autoantibody fevfliatian a* 
a r*«ult of *ro»« station fe*t«,»n foreign and i*lf 
datormiwintn, rt i, p UM aat B d that tha part of th« S call 
population which givsfl ri*a to autoantibody* et*r*i*« i 
polyopic if is r*eapfcor> fixation of a foroign artisan to t»i* 
raptor indue** tha 3 cell to undergo a flariaa of division* and 
mutations, which und*r fbu a«l«ctiva praasura of th« 4ntig*n 
laadi! to production of a highly spoeific antibody. Thus natural 
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autcantibodits nay constitute the antibodioE secreted by these 8 
nolle ptior te encountering !ertL$n antigen*, The biolegie role 
of natural autoantibodies ta also elusive . ' The common 
denominates tp all the theoriee dealing with tbAt puottlihg 
■juration ia the vi«w thA.t natural autoani;iWdi** have « poritiv* 
role In normal immune rHaefciona, perhaps $ven an essential role 
without vhioh. normal immune function would be disrupted. Grabar 
suggested fch*t nAtural nutoantibediss iire part of * physiologic 
m*ehani*ni fiaaf 54<**fi*ir)s the organiam of »*1£ and non-self 
producto in which classical antibodies E»rv« to eiea.r Eft* body 
of foreign invading agents, while natural aatoantibodife-* vid fch* 
organism of &«■ ovn oifcaboli* products. Cohen and Cooke 
suggested that natural autoantibodies , by binding to ■*!£ 
jfitigensr, act as a filter preventing p«w*:f.£dj, immttHe j*ospon»e 
against seli triggered by self lairoickirift determinant* an foreign 
invading micro o*$ani sms . Othe** Wave au5j**ted a rele for 
rtatu.r*X *uto*ntibodi«w in the tdie'typie netWfttfJtt Ve propose a 
different funetien for natural aufcoantibodi oo , namely ©ftftaneing 
host isnmune react ianu to foreign iAWtiw* agents, in a similar 
manner in which HJA atttigani participate in the activation of B 
And T ealln. The <ru**tion of the origin and biologic sole of 
natural autoantibodies is aot a puroly acac>mic one, and 
understanding these mechanisms will certainly clarify th« 
pathogenesis *f Mwfcointmun* diseane* and autoiftmunity in general, 



Thl f undaman.t* 1 basis Of the &|niilUne reepeno* i* the 
discrimination befcv**n *«lf and nwtmli, This primary Afid mO*t 
■ Mential feature of th« immune ■ytfcam *n*bl.j» it to xecogsiie 
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and rafcct to roraign invading ogcnt* vith&ut cAU^ing »elf 
damage. Hewsvm: p a* ouy knowJ,*dga of imrnun* rarponHaa. gxww. it 
ra»li**d that various antibodies raactive with self 
constituents can b* «ynth»iii*ad by thn normal iromuno «y»t«hi, 
■ftoft-liiirtsf that auttnuitibodAwa appaar undw esrtain conditions, 
Shffliflh eoinad hia faftioux t^rm "horror autototticua", axpresBing 
th,* vi*w that autoimmunity la *lM*y» a pathologic*! preens, 
Usually with Sffiv* clinical eonMTinuoee . The first fchaory 
dealing with *b« phy*iclogi<i w*y* of avoiding autoimmunity was 
poitulafcad by Burnat [a, J . It atatad that ill 4nfci-RBlr 
lymphocytes ar* #lin>inatad in ambryonie li£«j fchAtq ^uici;»*,ct;iv<( 
lymphoid call lin«* wr« tarn**, s-sbiddan c1shj«b", denoting ' fcha 
nacaaiity to aradicrta tham in ordar to pravant "horror 
attiotoscieua' 1 . Tha machaniam propo»ad for tha *UmAnation »£ tha 
forbiddan cXobm a^aumad that all lynnphAisytaa j*«»p ondiag to 
antigenic challanga during ontogeny wax* daitsflyadj tharafora, 
in fwtal liC« all clanae of lyifipheoytas eneottntftxing and 
r*SpOBditi$r to iutoantigana are eliminated b»£ar* maturation. 
A<se<«fding to this theory autaantibftdiaa , which alVaya 
pathologic, arias aa a ach««qu*nc« o£ «m«^g«nce of forbiddan 
clona* by mutations, or of liberation of aeijueatarad antigana. 
An v* Khali ■» latac, a growing body oi ayiaanoa cantradisttnS' 
this theory haa accumulatm!. To nam* a f*w «iamp;.»» t virisUn 
autoantibodi,** ear. b« datastad in normal h*al-;hy ■ubj-st* CS-S«1 , 
lymph ooytaa from normal mioa and hunun* am ia itimnlAt fed .yj, 
vitro t« pr&duaa autoantibodi» £$,10,U1, au-o»ntibodi«a «an b> 
irtdtis»d in vivo in normal mica. [12-153, and hybridoman can ha 
formad bBtwaan normal mica or human lytnphoeyfc** *nd non- 
■aeratiag mynlom* p«M liamm which preduoa au.f:a*K*ifcBd.i«« li ,16- 
13,511 . In light of th« aub«tantial data ahowi.rtg that auteiraauni 
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reaction* ar« common in humane and animals with normal 
Eunetionitt^ immoft* system, nov theori*s w*t« propped to mtplfcirs 
this "ptsadMcieii." phanomwnwn. In th» pr&6*nt rtrview v« shall 
6ufclin» tK« *vid*rtee £pr -th* exist*nc* o£ natural autoantibodies 
and the machaninn* propoaad to *xpliin thair #mz$*net , as wall 
aa discuss their phyiiolosrio-il rola. 



Bflfor* proceeding to discucn natural autoantibodisa CNAVs!), 
* not* Must h* midii on natural antibodies (NA'a) in g-a'naral, Tfa* 
wiatenoo of NA.'» Ln normal human serum v^s first r&porfced by 
LandstsinBf tHOO] vhan ha lound in tfto serum natural 
hemagglutinin a dirwttod a.jf*an»t blood group d»t#rintaanto of tha 
ABO *yfl-t«m, NA'* ware first defined a* antibodies found m the 
awrum of animals that have not b**n previously immuniaad, rh* 
original explanation* for thair app^arandc viflvad unauapecta-d 
antigenic ch*ll«n^* $,& the main 0»uei, HsveYar, today mkay 
wsrkfl?* bali«V« thai NA/a a*0 formad independently of antigsnia 
stimulation [19] , Tbar«lor«, NA' b vera redefined *i iniibodi** 
found in the i«rum and which d» net *oo;uir« induction of B sell* 
Cauoh aa by aati^Miie ch*ll*nya or mifcogeiiici stimulation) for 
thair synthesis, MorcBw, NA,' * are vi*w«d as a part of natural 
iflmuilto i* a component of th* immune ayaliem aarvifts «, 

first line, of defence, and capable of dootreyins foreign agant* 
on j.Rifcia.1 Contact [131 . Tha main eampsaartta of natural j,ntmuttit^ 
include mao-ropiiasraa, natural Jsiller o«U« and natural 
antibodies, Tha role of NV a 'in natural resistance is thought to 
be in favoring a mora viforoua heat ?*»?oniie to p*thog«n*, and 
indeed NA. l.v*X, u. E „ found to correlate vith ho at MaifftlRCi U 



w torn, i 

infection [30,211, Soma workara believt that NV a ar* Actually 
tha Activa ramiiatora nf n*t«r*l Immunity and. that thay a*a 
marker" of di*e*»« CUteoma [20,22] , As will b* outlined in 
datail latar, in th»- p«>b two dacad** NA'a resotiasf with vajfinti* 
autoansignriH vara found fco cowmen , Tharafora, * 

elwr distinction batv*«n NA'» and NAA'st cannot be mada. 
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J condition. ' 

|j, Tho £is?«* ^vj,d»n»« for thm axiatano* of autoantibodies in 

8§ healthy individual* ca^a from atudiaa dan* in ralafeiv,, s £ 

il 

|^ patlsnt* with auteaimmtAB* d,jU**,«o» . A nigniiJioattt proportion of 

1 1 asymptomatic f irpt dugraa relative* of SLE patient* ware found 

|2 hava aftfei-ftUftl-i* antxbodie* <ANA> [233 , anti-DNA Antibodies 

| [24] , rhouroatedd factor C253 , anti-hi«tone antil>edi$6 E2$l , *nd 

I lymphoayfcotKic antiiodiea [27] . I* B ftb«rg and ooliaapuAo C38] 

J found two »ubU« anti'-DNA attUbedy idiotype. (16/6 *nd 32^5> in 

| 24fc and 7fc- raapectively of haalthy tfelativa* of slK patients, 

| The Bharin^ of thuam idiotyp*« by a«ti3sadi4e efatainod from 

| ' differant pafeianfcu urid tn«iir bmalthy jrnJU-elv** oiussroBtD that 

th.HB hypopvfcpiajsl* rt!|?ion structutreH ax a tha product of ?arm 
Una gonoB present in lupuo patient* and their aaympfcoKJitte 
family member*, As w* shall 6ae later thea* ganaa ar* vidaly 
' diapak-Kfcd in the general population. Aut oantliodit* uara *.l*a 
found in asymptomatic fl £ putiant* with otbwr 

autoimmune 'diseases, Hich incident of rhaumatoid factor vas 
if«portad in Wealthy £i**fc Aeyra*' vmIaILv** «f pati-nta 
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rheumatoid asihriti* [29] . Similarly, thytoid autoantibodies 
w*r« found in ■yrop-fcem-frea rslativeo o£ paiji«nt» with aufcoineaun* 
thyroid disease C 303 , islit-esll antibodi** war* Sound in * 
•mall prmnaaiiJk^n Fir*b dwyrn* sslati^n f£ p*ii«nta vdih 

inuulin dBpnnduni diabitm mBlUtu* [33,1 , *nd anti-csntromtre 
antibsdy W4s found in e>JF x-aUtiv.,* of T*Uanfc« with 

■clsrecterma C321 , 

b? Aqelna *«d h**.^..! auto.ntihodj.a, , 

Ana^bcs important aoctnant of fch* haalthy saaeral population, 
fragrantly showing ?vto*ntLboliM in theis aeruin, are- a,g»d 
paopl* (for a »*ff«nt r*vUw Be* t9V}) . Since the first 
diHsription* of the high fre<juaneisni <up to 42s? of Sgll-ftF Sound 
in *g«d individual! C33-3S] , in<sr*a(ntd sasuw l*v*l* of M.ny 
oth«je autoantibodies vers raportad in elderly pwbjtsta , Netabl* 
are fch* ineraairwd £*a<ju«nelot e£ fcNF and anti-thyro^l^i.fciir; 
AntibodiM described in «ld«rly paople t34,373j moreover, in, 
aaJaa studies in *pl«»n calls from old mica demonstrated 
llibft tanti.il production *£ *.u.<SQ-a,nti-r*d blaatj ijirll {KBO 
ar*tibodJ.aa by th**« «Ui [385. 

AH a oonnoquBnci of the above described finding*, tha 
nation *ri»«» whether the Autoantibodies found in apparently 
hftilthy paopls arias 48 a recu.lt of S*n<sti(y or *rtvj,tf9nm*ntal 
faotsra, W first, feh» hypothetic attributing the formation *£ 
autoantibodies to environmental factors aeanwtd attractive, 
&*Hor*fciua and M«anar C27] Sound incre-aaad incid.inc«» of 
lymphocyt&toxin arstibodia* in both eon j anguine ous and 
nonoontanirtiiimcua r-elafcivea of lupu» patiant", supporting * role 
£ot an Bfiviponmont*! faatflr (virus?? in tha pathogsneoiii . Others 
C3SJ described * o#rr*lation 3s*tVoofi titer* of anti-rheumatoid 
arthritis* nuclear antigtn <RAWA> and anti-Epst^in-Barr mielear 
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antigen ££BNA> antibodie* in normal aduHi, auggtating thfct 
Anti-RAKA antibcdiei appwkr only after prior EBV infection, 
Naf (levari Welch «t &1 . C8] h»v« shown that tituui *<a*oid 
vaccination o£ normal adult* c«u*«d 4 J-3 fold ria* in the 
iTrtcaency of. XgM-HF pr*eus>*e.r B a*!].*, Taw findings euggaat * 
rftle £0* foic«i3D agent* (*uah ** infection ergftnUnuti in the 
Formation of autoantibodies. Hsw*v«jr ( ovan U u« *ocj»pfc in* vi„vf 
that autoantibody sire produeed t at l«avt in E OTA it oa-aae. a* a 
r**ult pf foreign antigene, . th* mechaniim is moat likely to b* 
polyclonal ' B cell activation inducing autesraaetiv* B cell* to 
preduce autoantibodies. Th* other possible tt<chan&em off «p«elfie 
B cell activation by cress roactisn b«tv*en she foreign 
antigenic ditmrrainsnii and aeXf determinants or iy adjuvant-like 
action of the invading agent has been shewn <;o be improbable' 
WOJ . 

cr> Natural *uto.ntibodi»B among imminsqlebulin* in alttmi &xU 
dvsoragiwn « 

Mon&olo»al gimmapa*fchiBe {multipla roy*loma, Waldenstrom' ■ 
macroylobulinamia:) aria* from th* BKpan»ion o£ en» clpn« »f 
lymphocyte*. Aft iirBt, moheolona,! immunoglobulins CM-Ig* O 
ttfoiiucti by mon«0lone.l gar»»ep*thie» u»r* considered to be 
abnormal iirunnftsglobuline licking' antibody nativity. Hauler, ^ 
the past two deoadee ^ h«B b*ett ahewn ishet a large proportion 
of tf"Xff'» hive normal antibody activity when teatad again** 
various atvfcigenc, A striking finding uu that * eiyiaif icant 
portion of th* M-Eg' u ere directed againnt a*l£ determinant* . 
AvrameA* at il * [5} found in of £12 K-Jg'm fceeted antibody 

activity againet 5 eotwnon autgantigenB <*ctin, tubulin, 
thyroglobulin, diDNA and myoaiitj , Other monoclonal atntibodiae 
wear, alio found to reaet with XgG [42,43] BSC , fibrin. 
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tran«ferrin, albumin, Cfcrdiolipin, haparin. and UNA '[44-48] , In 
mab« e^nas th«r* v«r« no ai^na of an autslmmuna £•_»**««,, 
Furtnurmere, Sho«n£«ld at al. t*93 tfwperfced roo«ntly insroasod 
cone titrations of Sh* Common anti-DNA idiotype 16/6 id. in 8.?* 
a£ 25E m&noolonsa antibodi** t«*t*dj in J,, 9* of th* #«.*•* anti- 
nuoleax activity was alao pjr«s»nt. Th« abudiaa on patianti with 
^ man eel anal efa«fftflpathion raised th« important question of th* 

I, undorlyinsf maahaninra involved in th» production o£ auto5T**ctive 
| M-Ie/n, One possibility ii that I lymphi?sytun , syftthasi-ing' 
(3 *uto»ntibodi«* *s?b mo** Bu.»«?Bp-fcibX* \<s tuoplaitic 
| tran a formation, Ancthor explanation is that 3 calls producing 
| autoantibodies atB v«ry eomman. Ind**d, nau MdnKtanfeiaJ. finding* 
1"^ d«»isn,Bfcrab* almost uncdtuivfttiil %y that Biitoreactiv* lyraphocytei 
SS ar* part 05? the B«tm*l B evil population and that auto&ntiboiieo 
Sj]| ara commonly produced in normal individuals. Therefore. shall 

I I. roffor to fch*»» autoantibodis* as natural autoantibcdiaa CJSM'jO , 
*jj Tp dat* Bubntantial evident* for th« axistane* of UAA' * Ln 

l| normal artitnuj," md nwnana has ae<?ymula.t«d. W* vill bstgrin by 

3 

J tfBViovlnj th* animal Btudi** , 

I 



NATUftAL AUTOANTIBODIES IN AMlMALg 

Th«re ara ««v«ral approach** to th* vtudy of autoantibody 
production in animal** th* iavel of NAA' * can b* meamiEad in th* 
■ 4 rata *nd thnsB autaantiboditi eompa?*d to thc-aa B««et*<i by 
■train* of m3,se apontafltOUBly da-v-Blsping- autoimmune diaeaieB, 
tha liVil of autoantibody ptoduotion pan b» dBtwJfmin«d *£t»r iw 
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viva ■timuIUt*Qn by mlt*Sf«nt , er aft** .tm.j-i.tre BtimuIUtion of 
■pleen calif, Finally, normal mice spleen eeU,a can be fused 
with ttan-.iinj^Mting myxoma e*ll linei *itd the antibodies 

produce^ by th*» hyfrridom* atudiwd. 

NAA'e vere reported in the at>rum of norm*! mie*. by many 
workers, These inoluda atiti-DNft. anfeibodieit, found in ■•wotal 
normal B«*a£nv off mice C41] , ihyntoeytotojcic fcntibodi** [62J , 
anti-EgG antibodies [611, *r>d antibcd£*a to elietift, collagen, 
gelatin, RBC ■ and thyroid e-olla [533. MoraoYef, ingestion of 
polyclonaX 5 sell activator* CPBA' »5 caused rapid synthesis of 
KAA's. Inaction of lipopoiy»a,cch»ri<3* <LI'SP into normal mice 
i-aaul-ied in production of antei-EtNA ar.tihodiet [lEjb*}, 
rheumatoid factor Ctf 0 . tftf 1 j *nti-SBC *ntil>odit» [14,57], and 
aBti-thy»6&yfe# Miiibodiaa ClSJ , Striking 1 HtALxif war's reported 
by treiaroki C133 , vho found that th* majority (about 60*) of 
immunoglobulin accreting spleen eelle in LI'S aad p*pfci<3.ogrlye.«,w 
Cf<3> inieoted mias a*erot*d rheumatoid factor tinctj,Sio£ia* i Inmm 
than 3* of th* spleen eslli secreted anti-UN*, antibodies. These 
rssulte w*re similar Iki 3 different strains of nice, suggesting 
that there ia no H-2 restriction,, »imS that it is a aunsral 
p&enemenon. 

It 1b wall linwn that LPS injection cause* a rapid release of 
HWi into the blood t64|?S3. Therefor*, induction aST antl^ONA. 
antibodies by PBfc' ■ <mai»ly by LFS> h*y rsiUl't from fcntiysnis 
stimulation of the DNA. released into the circulation rather than 
from polycloml activation of & oelli committed to prad.ua* *nti.- 
DNA antibodies. Brilliant «iudi*« fey I BU i and colleagues [12 > 661 
proved that th* fneehaniera is mat anfciganic stimulation by 
TBlaaaad into th* Blood, I*ui «fe al. h*v* shewn that th*r* v*« a 
c<inipl«t» di*«oci*ti<?n betwaan the formation Of ant3,-DN*. 
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antlbftdie* and the ap¥»«a.ra.rtee of DMA in the blsod (*.g. PPD, 4 
known polyclonal B cell activator . <PBA> , indued anti-DNA 
aafcibedy pjfeduetia* vishaut causing irilwut *£ DMA ints th* 
biaod, *nd vie» v«r«4i fcoly I-poly C did not tricar production 
uf anti-DMA sntib«di«s Although it induead rftlta.cn of DMA into 
tnm circulation). TbiM remlti strongly sug^st that th* 
indv^tign p£ *nti-DNA antibodi** by P2A>e is a eonM<juirnea o£ 
polyclonal *cfcivAfcion oC B lymphocytes committ-d to produc* 
antti-DNA antibotliaa .| Furthermore, Madaie ■ And ftB-wflrk^ra C4Q3 
hava ehauft that autoimmune utrainu of mi<?* d» not respond t<? 
immunisation vith native UNA tfhil* normal mie* do hut produc* 
antibodia* different than URA' a , When then ft ndes. wart iMwurtisisd 
with denatured SNA, autoimmune mio« did not rasftond 

whil* narmal mie* tCSTSiyfi) did t th* indU5*d ant j,-nuo3,»io Mid 
a-ntibodi^P war* hig-hly apoeifio arid reacted only vifch the 
iiwnunggart. In contrast both liipu* *ute*ntibodi*a And aera from 
animals that raodeved adjutant alone areas r*aet*d with multie-l* 
mic-leaff fcrttigeno. The«t* r»«ttit« again show that polyclonal B 
anM a^tiva-fcion is th# mwhaniera «f induction sf auioantibodiafl 
b;r PBA's in normal mice, and sugro/eiit that polyclonal B cell 
aetivation may b« the mechanism of davalopmant of aufcei.kmu.na 
4insji*«B, psrhapa egsujfjfifts aa a eortavjuxanco ei failure □£ tha 
inhibitory mechanisms CT attppteaaor a«lls?3 « Indeed, naeftafca.1 
thymectomy in normal mie* w*« ahowm to indue* *«9«l*rat*d Anfci- 
WA antibody production after PJlfc injection [69J ; uh*n 
thymectomy ujs combined with F6ft treatment, a much ^rutir 
asiount of antl-DNA was psaduead than uKoir, PBA yiven alonu. 
The** miBultB ■ug^wit that a thymic reguli/tesy ^roCflas normally 
■srvsj to suppress anti-DNA productipn. Supporting this vlav is 
the finding ih th« same study [S9] of deficient antigen non«* 
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specific aupprnaaor function in naonitaily thym*etemiRad an* PBA 
traatad mica, 



In vitro studies in which moua* *pl««*n o*ll« vara activated 
by SB*.'* gave raatilfca aimiXar to iho«<! raportad in th« in aiasa 
■tudi«s, thu* landing further support to tha via* that 
autortaotiva S cells are part of tue normal lymphocytic 
rapartoir*. Using .in vitra ■fcudi**, aawesal' wexfcar* wctk?*. a£0.a to 
estimate th* t^lati-va proportion of autar naetivo cell" in tha 
splanie lymphocyte population. Daapifea *h» iiff as**nti»" batwaen 
import* e£ da.£f«yent author*, th» h*llm*sk #£ th««* *tud*a* i* 
*ha gwrpriaing finding that autoreactiv* lymphocytes constitute 
1 lii-rja portion of th* splenic antibody producing- anil 
population^ Deiaro^i (UJ studied th* specif icition of 
Antibodiaa produced by pelyelonally wfcivatftd motiae Bp la an call* 
<PBV» wed war* IPS and pepiidoglyoan [PGD , and reported that 
418(-7S* o£ all F3 and LPS activated Xgtt Meeatiny cells produced 
anfei-IgG antibodiaa of the IgW «1&db. A smallar •preperfcien 
produced anti-stiDNA and antl dsDNA antibodiaa <4,^»-l7^i and 
Q.iaX"5 f 9» jr^apectivilyS . Othst woriiaT* rapartad eimQar ifeeulte 
[70,71,99] . Pin^tak^ and Caater [70] wauroer.it ad the frequency of 
precursor* of anti-DNA. antibody producing ealla In normal 
<SX1S/C, i.nd feutoiranun* ;WRt-lpr/l^i-> wSwe, and found that 

sJjpjtsk innately 2, in 500 spleen cells £;roro both normal and 
autoimmune mice vera capable! of producing anti-SNA antLtbodiat . 



Similarly,, Cmger at al , 196*1 have demo&atrated that 1-5* of th* 
total mUogen-indueed antibody forming sell (KFQ) clone* d-rivnd 
from splaena *£ nsriwl, atfteiMMuna, and eengartUaXly athymic 
m<niji« wfctrain* «*cr«t»d anti~d*n*fcured DttS. (saSMAJ antibodiea, 
Theae results a^ain indicate that B calls Snom spleen* of normal 
roic* have the potential to expr*** *utoan-:ibadi*a , Neither th* 
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aiitftimmuht nttfain dorivod ipl<inooyt** rtox the congenitally 

aihymie strain splenocytas hav* shown greater frequency of 

autoreactive pr«lltt«rt th*f! Haemal mice, Therefor*, it appears 

that autairomuin! disiiftse ia not th<* p«sul^ of preferential 

expansion ojf tnia *recur*or a«ll pnpulit&cn ca>4sir!<r production 

{if aufcaantib^dis;! but rather in tscaciafcvd with alteration in 

thtie iftatfl or activation. The high frequency of inti»0N'A 

'! precursors suggests why B call activation ae readily Leads fco 

o anti-SNA production, 

.3 

S Tha hybridoma technique sf producing monoclonal antibodi** 

■jj uau lined extensively in NAA research, and helped to unravel some 

J of thw urteertiintin?: surrounding the eub^eat. Following- th*ir 

j* BJiperiLmants in sir* from healthy donore (e»« belevj and human 

I"! ntonscional immunsglabulinH , Avrameas and co-wotkarst [5] 

|,| continued and teflfcad hybridomaa produeod by £u*i<?n of 

|£ «T»l*n<»$yfces from non-autoinwiiwn* mioe C3AI«S/C) with Mn-aaairotins 

myeloma aall lin* fa? fch«ir sntAbody activity. Tha 
J ifiimutt6^1(j! ? M.J,inff prodwed by those hybridomas uer« te*t*d for 

■| thsir activity igairmt 11 common antigens, «am*ly aeiin, 

| tubulin, myoain, thyroglobulin , myoglobin, apaotsis-, , dafcNX, 

| fetuift, TNP, fci-*n*r>rrin and SAT, Of the 161 immunofrlobuHn 

| aecroting hybridom^a, three react «d with deUNA only, one vith 

| thyrojrlobulin only, *nd another r.aotsd mfcinly with myosin, 

Therafoifo, S hybridoma* <3»1W} produced autoreactive! i.«tAbodi«T , 
These results support the notion that autoreactive 
inrnunocaebuilin-iyiiche«i*ing clones e«i*t in normal Alia* {and 
pecfeably humans). By the same technique, hybsidomaa pr-ap*r*d by 
fusion of spl«*n o«ll* fifom normal rton-^tvimmun* mice with nen- 
«*=r«ting my*rl*ma cell line* var* shown to produce 
autoantibodies -afain»t numerous other ' auteantirj»n« <a,g, 
paneraa., pituitary, atomaeij [IS], and thyreglobulin C1B]> ♦ 
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Antl-BN* *jntAbodi« w*r« 4«m8n«tr*U4 In lover*.! studiaa 

mingf hybridemiw [17, IS] , That* anti-DNA antibodies exhibited a 

vj.d**pr^fci sf»*t5fcivj,ty similar te monoclonal lupm iutoantibadiaa 

CHSJ , but in eoni}r*«i ta th» higrh *p«iif ioity of induced 

antibodia* obtained aftar activ* inununlstatien ll&J . Thin 

auggntta a different origin and ral« f« N*V« than indwsad 

^ AhtiboaUs, Xft aunwary, tho bybridom* otudi«a, lit* the in vivo 

£, and in., vitro, pelyclonal activation Htudi**, support the notion 
o 

< , that B oalla with !«nu eediwg fit autoantibody synih«mi.« 

% K>f*a*nt in ncwro*! miq* , 

"I An i,wporfesw>t c ante ibut ion to tba tha«ry that gorm lift* ganwi 

£ eroding for mifcoantibodi** «ci*t in all animals And humane coma*? 

frwo tb* studio* of Dighimro st a.1. [7^3 J.M havborn 'mi«a. Thay 

E£ 

§ £ *bl* ti> xb*w th* ««i«;«nc© of S oella ©*p*bl« o£ producing 

ga 

■|l «ute*ntibodi*n in trwbarn normal mic*. Sploon ooll* from 6 day 

"IS, eld Atm~i7iunwi£s*d EftlB/C and BMB.B/O bLc* vmt* fund vith a 

31 n«n~>««7ttting mywlcmsi call lin#, Out of 364 immunoglobulin 

| *acroting hybrids, 24 <5.25*J swhibitsd antibody activity 

S *g*in»fc ft panal of auto*rttigon« tiitod Guouaa *etin, tubulin, 

1 

£ uiycuin, rmin, DhJA and more) , 



Th» oxtont Of *ufces?«aetivity d*mon«';r*t.«d in animals 
<s«rt*inly B«»nt¥*iiiq-fcp Sarnafc'B thocry £lv that autor>aetiva B 
. «11 ClOna* ir» »liminnt«d during ontogaiiy. In light of th<se* 
finding* y« o*n oonoludo that fcutoanitbiidd**! Mr* part of tha 
noXMll Antibody rapertoira, and that most probably gena* coding 
fax ih*ir aynthaaia an inharont part of fen* sajsmal garta lina 
sail ganont*. rufth*»f «id#nf* favoring 1:na 'wsirfcanoa of garm 
'iiHd gtnti coding for autoantibpdiaa atimoa front studiaa in 
humans , 
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Th« *vi4*ii0* which served to substantiate the theory th*t 
autoreactive lymphocytes ejtist and aecrat* *.ut£»ArttihodiA» in 
no«B*li care* from hum ah studios . It hao X*ng bo«rt knewn fct»a.t All 
normal popa contain 4 pfcns,Sr£lutinin reacting with RSC's 
pc^viousrly tr»At*d with pr«fc*a»ou [SO] , The S&rWtaiiiGn of this 
first discovered NAA did not seem enigmatic »iiic& its rele » 
opifirtiairtg 1 n*nese«ttT RBG* ■ in to indue* th*ir 

pha^oaytstii* - appeared natural, However, as more and _ more. 
NAA's were described, and it was realized that a large diversity 
of AA'e ar» BynthaeiaiBd in normal individuals, their origin 
be<ranw obscure. A summary of th« important rsperts sf NAA 
Cormatien in humans is pn.sent*.d in table no, I. The striking 
conclusion from theee reports ia that NAA" a reacting with almQst 
any antigen tested aan be found;' th**« includ* autaanfeibotUeu . 
ueually *eund in autoimmune dieoaooa, but ft-lae Atttoantibodias 
"hiffh do not appear in pathological atatas, 

The appearance of anti-DMA antibodies in normal individuals 
has b*en reported by several workers E2,6ilQj5l»«53] , Rubin and 
Carr til hav* jfacentay nho"n that normal human serum contains a 
■mail fraction of I$<3- <?ep*M« of binding. SNA, Th* binding 
activity was largely restricted to denatured DMA OisEtUU and. was 
shown to involve the IgG CF*b')i.. fragment, Q$h<it studies' have 
shown *nti-DNA antib&dy synthesis (against either saBNA op 
d*9NA) Bt£fc«r activation of peripheral blood m<inortuc-lear colls 
<PBMC , *> by' pgly<;lon*l B cell activators tfBA' B) , Anti-DNA 
antibody formation va* damanfltrateo. After stinuilatien of 
lymphocyte* by PWI £341., EBV £$23, «. pneumonia* [1<JJ , and «ven 
without mitoo-enio stimulation [6,591 , A notable example of the. 



R I. O » V S L t M ««> 



TOHES. AM) 5HOEKFEU) 



HP, I 



Raporti op til* pr*R«nc« oE aUteantibodiai in h**Hhy aubi.-na , 



If 



AUTOANTIBODY 


NO. OF 
SUBJ. 


It WITH TYPE OF STUD* FEOTOHKZB 
AA 


EES' 


RF iii 


4£-4 6* 


■ •run 


from nvhj, ov«r 65 


ee 


RF SO 


a - cx 




fjMrtn JtutoJ, und*r 65 


ee 


RF 325 


16* 




e? 


RF 155 


•ipp, £?* urui 


» from trubj. «9r«d 




RF ISO 


2* . 




from «uid. «s*d 16-25 


83 


ANF Itifi 


11* 


*»rmn 


from «uba\ «9»d 59-9B 


36 


AWF ISO 


2.5* 


*«rum 


from auij . *g*d 16-25 




AMI! - DKA 


16 


*pp, 1009k spent. «*cr*t. tonalllir lymjh . 


6 


ante - j>ka 


N,5. 




norm*! human B*rurti 




ANTE - BSX 




is* 


■7ent«n*oualy *scretintf injiC'i 


S3 


WWTI-DNA £16/ 6J 


£ 


1QQX 


m ■timul*b«d FBMC'b. 


10 


ANT I - a*DNA 


-6 


100* 


K9A -tvnulsfced PMBC'» 


10 


wnri - on* 


6 


LOO* 


PBA "timulii^d PMBC'e 


10 


ANTI-BftXitN 


EO 




Bwrum Jrgu -jprmal BuW«at« 




ANTI-BERT T3S, 


30 


loo* 


*arum from :iarma.l aukjaeen 


3 


ANTI-LIVER TIS. 


20 


100* 


»ari*m from normal »ubjictfl 


3 


A.NTX - KYEtIN 


50 


8 9k 


b Brunt from nornu.1 Individual * 


$6 


XMTI - TUBULIN 


BDtl 


100* 


««*Urt pa63 ii)r"m h»*lifhj d^nojp* 




ANTI - ACTIN 


aoo 


torn 


»»>fuiB pool (fs-om hthlfchy d«ner« 


«.s 


ANTI-THYROGIOB. 


300 


xoox 


■ ■runt pool u'rom h«tlthy. danora 




ANTI-MrOOtdBIK 


800 




e*ru« pool :"irom k«*Ithy donors 




ANTI-FETUXN 


eoo 


100* 


■ arum pool i'rota hailthy doncra 




ANTl-TRANSraOtlN 


BOO 


100* 


■ eafum psol jVom havLthy donor* 


4,5 


AWTI - ALBUMIN 


900 


100* 


^■sfum yool J ; rQm hatlth? donora 


4.5 


ANTI-CYT, C 


800 


100* 


»«um peal 1'rom h«lthy denaya. 


4,5 


AWTt- - COLLAGEN 


SOD 


IOC* 


tarum pool i'rom h*lthy doner* 


4.5 


AUTI-^BC Ccold? 


NT 


*pp- ' 


1.00*! *•» from h«i.lfchy parsons 


S9 


Atm-iree <o*15 


NX 


100* 


■ an from ftti«n*i ^^-v^A^^m 




ANTI-FXBROBLASTS 


3 


100* 


lymphoeytaa ■tlmu.l».t i *d by EBV 


7 


ANTI-ACBOSOMAL 


131 


99* 


aara from ncirm*X individual* 


84 


ANTE-NEURAL TIE, 


200 


99* 


tacum ■•wplt™ Eeoin K«*lthy ind. 


Bo 



14,4?. not -pacified, 



•Joility of 3 obIIb from normal persons to synthaaiz* anti-DNA 
antibodies has iter. reported by C*ixn* et *1, [SiJ . kliw 
aha^3 thftt eircuLatitttf *.nd tonsillar B csll* of normal donors 
synthoaissd in vitro mti-DNA. antibodi«» [6] , fch«y produced 
hybridoraa* by fu«4n ? a human rtOrt- B *tt«-b ing- myolomn, vali. line 
«itb tcn»ill*r lymphoid cells from a normai donor [Si] . Out of 
HQ hybridom**, 13 CI 1-8*) produced anti-«i»NA ant Oodles. One 
hybridom*. produced a monecloiul antibody vilh polytp&eifiis 
lijfawd binding prcpwfeiea th*t war* indiatinsuiahiibl* from those 
of mOh<?elon*l lupi>.» antibodi&B [891, Thcsxi studies imply ;h*t 
gane? coding for anti-DNA aiLEoantibodiea nihil*? to tkoB» 
produced in 5X.£ *Jtiit in the g-anom* of nes^Vl B lymphocyte*. 

Ofeh^r evidence for the «xi«teno* ef 'er«rm, lino s«sn«s coding 
Cor A(it6B,ntibodieB in normal a va* reported by El-3to£*y »t al. 
[10], They found significantly inore*s«d lev^la pf th» eommon 
anti-DNA. idiotype 16/6 [89] after poi,yolon*l activation o* 
pariphsrstl blood motion ucl.s« 9«Uk <?BMC'«> from normal 
awbi * Th« fut that different *utoantihodi*s from different 
individual* posseBsod the same public idiotype implies tha,i thi* 
v region, determinant ia th» product of 4 gam line goim vhieh 
may hm an inherit p**t of the normal human jenonvd, Indeed, it 
ha.tr been ■Bhoirfn [95] that differ ant monoclonal 16/S positive 
lupus autoantibodies show structural similarity in the Kfiv 
terminal amitvo wid oo^u«hesa, thereby augeruating that theiro 
autoantibodiez stem from a common erepns Una $rene. In light of 
thUH* da,ta, th» finidinse o£ El-Roioy »t *1, [10] . strongly 
aug-g-^a-t that norm*! B coll* po«B»i* genes coding for different 
antd-DNA antibodies and that gene* stem from a eramem gasm 

lino Jen*, ' 

One of the most oonvinoiHo; proofs that NAA'? agaliiat almes-: 
*ny #«lf determinant examinnd «xi*C in normal human serum va. a 
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provided by Avrameas and oo-worWs [4,52. They tested a serum 

pool from 800 h**lthy donor* for sntib^dlei *g*tnrt 9 oomnten 

self antisanaci tubulin, *ctiii, thyre^lobulin, myoglobin f fatuin, 

trattsfaririn, albumin, cytochrome C and collagen. Th* ebtuti pool 

tssted contained all 5 autoantibodies, inc. they have h*<m «h<iun 

to bind apesi^LsiUy to the .nfei^tt via the FCab'>.f £ra.gnt*nt 

^ and not via. the Fc portion, ttoreovsir, the authors vbva ablfe to 

I, shew, u«ing immunoehemiesl *fciin.ing motbado, that the** NAA' a 

J *r* oapahln •?£ reacting with human eellula* constituent*, 

d Another impertAnt finding in the same study vas that th*a* 
H 

I naturally oocuring «ui o&ntibisdiws, when compared to induced 

| antibodies by <7onipfltitiYB and non-competitive &*t>nyn t ebwrad 4 

j?^ different equilibrium *ai* f namely they re*<rt*d witH *n antigen 

"5? * lover sat* thirt that of induead antibodies. 

S s 

Still more convincing evidence on the widespread nature of 
| fc; N*A's and on their ability to react with almoet any **!£ antigen 

.1 ch<sten comes froth the fttudiM of Daar end fibs* C3J » Th«y 

I 

= examined the proiahce in normal ucra of autoantibodies against 

J hi-ain, liver, h&art *nd kidney tinnuee, and found that every 

J serum tested gave- positive Sf*auti6n» uith oil tisaue homo<renat«» 

I taeept kidnay{ the autoantibodi*.* proved to be of tha XgM olaae, 

I A n&tsible binding wan th*i *er» from multiple sclerosis patients 

J! wnir* indioiinguinhabla from normal I4» in their binding to 

br*.in howogiffjeitn, Sirwa the self antigens used in this 
experiment wb£* tissu* antigene, it «*n be eofteluded that 
antibedie* eeiftbiniAg with thpm* antigen* i n vitro do so also in 
vivo in normal disease-free humans. 

Among' tha many autoreactive natural anfcibedie" found in the 
pa«t tuo deeadea *r* the antibodies which bind to a variety of 
normal cellular surface and cytoplasmic antigens. Thee* include. 
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antibodi** *5*infft myelin £56], thymus colls (57}, lymphocyte 
t56] , BBC [5,393, culm?**, hitman fibroblasts £?] ma 190 
i; rheumatoid fa<s*«r5 [8,60]. 

.. confcluaian . the hum*n *nd animal atu.di** ( u*ift$r various 
technique*, ehau th*t in nufma,! huma.nB and mio* thtft (mists a 
population : ?£ & cell? esmmitted tc produce autoantibodies; this 
population prgbibly eenstitutse * lit?0« proportion of the B 
0*11 population. Ths autoreactive D cell* most probsbly Arise 
£rem eferni line pr«euriori t pftiHecuinfl in th*ir genome ^new 
coding for autoantibody tynfcheei*. In othor wards, fches* 
autoreactive clones ire nvs produced by mutation or some other 
environmental ehensej, hut tfi-her conatitut* past of the normal 
B feportoira. Many author* believe that in th* norwiaL stint* 

there ftxints a regulatory system that prevent* *h* *jep»f>ai.*n of 
the autoreactive caon**, and that failuss o£ this r ejulA^sry 
mmshanism oauxei autoimmUni t$3,$4 , 69 , $6 , 91] . How»v«r, 

the ■jtintBttew of autoantibody* in she c*run> of normal Miou And 
h'AWAni, albeit in small Amounts, shows that these autoreactive 
clones do mature and produce the antibodies th«y ar« Programmed 
to saerefce und*?? normal conditions. Therefore, art itrcportant 
edition io itfiisad: vhat iu the orisrin *nd biologic rols eS 
th*te natural autoantibodies? 



Conmonly, when a larere number of hypetheees explaining a 
ph*non»n»n «ii fesniulifc^ it Andio*fce* that very iittl* ifi Itnawn 
about it. Ind»ed 4 many theories have been proponed to account 
for the unexpected finding kho.t autoSLrttibodio* reacting- with 
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virtually ill «»if ant iy one are fftTBttd In ill normal human* 
(table no, 115, Hovaver, non« of these hyj>oEh**«a is either 
*4a<juat.« es fully comprohanaiv*. W* ithA.ll OGpoBntrafci on the two 
prevailing thaorie*. na,m»ly on that which advoeatea an 
Imniaii-Qaups><«««iv4 mechanism preventing expansion. oE autoreactive 
clon«> it) Adult life and the sheotfy which. holds that 
autoantibodi** 4ri«» from intifepdAfli peieeeiing 1 a polyene* £is 
'| binding sifcw , 

The iropjeeaaive d*t* ehowing that nakuscal Antib*ALaa -fe* 
S virtually all a,ntier*na ar>a preeant in every normal awrum 

^ ■•rioumly 'challenged th« validity of Burn»t't clonal selection 

j| th»6iry. Certainly, many "forbidden slonat" harboring gsnes 

J coding- for autoantibodies aro nflt allmitiat*d in embryonic Ufa, 

f°f Soma of clonei e«r.tinu.«ucly aeorata ,12.'*, *lb«ifc in ama.ll 

.jS 

^1 amounts, and others can eaeily b« stimulated to synthase** AA'a 

•S I in vitTc and in.-y^vg . Realising that autoreactive B calls are 

not eliminated during ont&geny, Cunnincflum [SSI expanded the 
| clonal **l*ction theory to account 5 or thai* nav data, He 

J postulate* that clonal delation operate:! in early life, 

J eliminating a certain proportion of Autoreactive clones, parfiapa 

| particularly harmful a cell linet (e.g. cleneit able to prodaoe 

| auteaatibodi** cvgiinst 'important cellular *txuoturB6> , ttgwaynr,, 

e later in life all autoreactive B cell* pot eliminated during 

ontogeny are prevented from expanding and secretin? anti-self 
antibodie* by a compensatory euppraenor irechanism. Therefore, 
Kk'u, produced only in minute quantities due to the tuppife»*or 
mechanie», aire NXVai failure of thin m«uh*niBro would load to 
the eKpe.n<ion of the existing autoraactiv* B cell cUnai, the 
production be autoantibodiee in Large amount e and the 
development o£ au,toAn>m«ne diweaae, Indeed, the email araounte of 
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Current theories explaining the origin ana ral« ojf NAA' a 
I, Origin of NAA'w 



g B. Cunningham - NAA' s as 1 * AVn produced in minate) 

* ^vanti*"' Awe So 4 tfogulatssry *upprn*»$i? 

"J jns«hnni«m [S3] , 

I C. Fousriin «,t *1, - rela*** of aute-*nti5*tifi te.sf. DNA) 
§ a* a r»jult of v-irtl, .parasitic, or 

k baet*riAX infections causae production of 

|£ 1»V« [643, 

a | ?olyelonal activation a£ s.utora*etiv« S ealle , 



fi 



S, KM'a are produc*d by 8 cwll*. carrying a pelyspecif ie 



1 1 r*<» uptatf, wWich upon wvsotintaring * foreign 

1 ' antigen a^ntheaiai a highly ap«r- 

antibody for that antigen [5J, 



II. Biologic rol« of W&la 

A, Graba* - NAA' b ar« a past 6* a physiological 

tteehaniom for ol Banning th* organism e£ 
self ihd non-a»lf products [793 4 

B. Cohon a«d CGoke - NAA' * act as t filter preventing 

auto-antigana from inducing a powerful 
immun* respond triggered by uros* reacting 
. antigene on Infectleua organitsmn. (SO]. 

* anti^Adlotypic 

NAA'* function to enhiAe* immuno irnpunmtp to foreign 
*ntig*rtB {similar it> the cole off KHC 
r«C«?to)fa i« T and S call intsractienjO . 
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NAA* * found, In oonfirw* t* the l*rsr« ?uatifei-:i«i o£ antigens 
pr»**nt ntippor-t the notion of 4 regulatoyy ■3tt$ps*a*ojr mechaninm. 

Th- mupt substantial «vid#neft supporting the exist mnae of an 
itt»ttrt6ir«gulAtory mechanism waw provided by the works of 
D»i4r*ki CI 31 . Spleen cells from norma,! mien vers induced to 
produce rheumataifi factor Jtnd/sr anfei-ssDMfc antibodies in vivo 
by injecting the jnie* with polyclonal B obII, activators t&pS and 
PC), 6? lH vitro by stimulation with ih« "*,»■ P3A' a . 1% Mia 
shown that tho n»gmitud* of th* i,n vj,y; polyclonal rsppuni* wu 
almost ten times lower than the in vitro, -(isp©n*n and tha,t this 
could not be ©varaeme by multiple PI& injections. This 
observation strongly sugg«*-fc* the Bxiit<nct of a natural 
suppressive mechanism, preventing •xeosiiv* AA lynthtait, whlfth 
i* »b**ni in_ vitro . The suppressive immunoitegulatory process is 
assumed, to involve T dependent jnechanioirs , and indeed it has 
b«en shown that neonatal thymeetamy considerably accelerated. 
eirti-DNA, synthesis induced by FBft t$$3 , In summary, they* are 
stndiOfitiottB that a thymic regulatory proeeas normally supreises 
Mfltv-PNA antibody production, p*rhapa via the non=spe<5l£c T 
ouppr*a*or calls [593. Thu». failure a£ the suppr***** F**eh4 n iiniL 
would lead to the »upan*ion of autarnaalve -clone* and t* 
d^vulppment of autoimmune dis*4io; this is ictuaUy one of the 
eccasted theoris* explaining th* pathogsnesii of autoiiamutt* 
conditions busk a? $L2 [S3,S23 , 

Another applanation for the development of overt autoimmune 
diseases in that the pool of »ut erea.ot k r» 3 cell* norrriilly 
Fr»w«nt in healthy p*sfaons mey be expanded and/or activated by 
polyclonal activators such as those produced by infectious 
agent* (e.g. LPS, PSJ CJ.33 , Ind^^d, Fauxnie and co-wnrfcflr* have 
dwrsenstretad that injection of bacterial US into normal mice 
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resulted in the release of DpJA into the blood an4 in th* 
formation oi anti"3>NA aatibediM [643 . Support iti«r the v$. e w that 
infectious organisms induce autoantibody production are th* 
findings of Welch 4t al. [83 that tetanus toxsid, vaect nation of 
normal adults generated 4 2-3 field Fin* trt the frequency a{ SfitM- 
*F levels T Thie m«oha.P»i«m alas sKpiain th* cb»*rv*d gradual 
i nereis* in AA l*v«ls upon ageing i the incr**?ed autoantibody 
"| level* Cib*l*trvBd Upon againg could b* th* eumu.l»-tiva r**uifc g£ 

& 

< recurrent infestigna . 

| The idea that AA formation is * result of arose raaetlan 

*| between foreign And s*lf determinants is not a twv on«. It id 

| wall known that antigen cross raaetien is the acc*pt#d mechanism 

P £6? th* deVclipment of rt)Mum*tie carditis, and it hi* b**n 

§,£ 

s° suggasted to be involved In the pathogenesis of Ankylosing 

sg 

spandj'litiSj SLE and cither autaimmun* di««*«ea C46,S93 , 
"sji Metfe-over 1 , many .infectious agentB. ouch «e vir«*«s, baetoria and 

parasites have Jje*n KhoVrt to fenhance or evejn trigger the 
I formation of AA's [10,73-76,931. 

J Still jnore convincing nvidsnc* for tha existence a£ cfonn 

reactivity b*tw»*n anti-bactoriitl antibpdiee and autoantibodies 
was provided toy NaparBtsk et al. £993, They have demonstrated 
I that certain Kl ehaxftlj a rbi nd i no monaerlert&l Waldenstrom' fl 

J itucr&cflobulins shcrad idiotypic determinant a with monoclonal 

IwpiAP autoantibody, and these idiotypic determiiJAnta in the 
microglobulins uer* ehovm to be elauely related t* their 
antigon-bindiiV? aito. Th* determinant shared by the 
Waldenstrom's rnacroglobu-lins and the lupu* monoclonal 
autoantibody 1* th* 16/6 idietype. Moreover, Atkirmon ci al. 
E9SJ have *how R by Nttr- terminal amino acid sequencing that th* 
primary structure, of onn >C1 abate! la- biwdinn Waldenstrom' t 
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macrroylgbulin <W£A) has * striking nialltrity to that of four 
lupun monoclonal fcutcantibodUii t Likawif*, EiUfi »t »1, [96] 
h*v« £aund wark«d homology fa*tw«un tht amino icld s«qu«nc« ox 
tho hwavy chain t»f *n d»riv«d mstt6*lun*l antiaady 

againtt daDNA and that of anU^hoapharylpb'Siiniv antibody from * 
?WJ rnouB* direettd itfainst bacterial r:«ll walli of cartaiw 
bacterial spacifl* [973 . 
'I Tht concspt that autoantibodies aria.* By fl}?6«:« ruction 

% bittusan ■•If and fl*n-fioli epttoptn aan bo aacteadad fc& **cpl*i(a 

£ . th* *pp«w»nc« of NAX'b in ftormal individual*, rtestt atudi** 

indicate that th« KAA antiff«n oomlbinihs ratfien la polyapaeifis, 
| capahla ft? binditng 1 a jjumiar of stjrua^m'Ally ff6l*fc«d but not 

% idintical li^andi [5,6,18,77] . IWafora, it i* poaeibla that 

Si? 

£§ tht part of th* B e.11 population which givaa rio* to W > 

B | 

^•a carriaa a polyepacif i<? ^aoapto? capatoi* of binding HRVinl, 

"3a 

1^ diff*r*nt antigaaia d*t«*minah*B. Tha fixation cff * f oraiyn 

J 12 ' *atig*n to thia r«B»ptor would indues th«t 3 call to undsrgo a 

M BM*iaa a£ di^iniorm and mutatisim, which and** th« «eieativ« 

a praaaure of the antigan would lead to th* psoduotion of a highly 

| Bp»cifie antibody for that antisran. •Sham, natural polynp^cific 

| autoantibbdia* m*y «enititut« th« antibodias o«cr*t*d by thoso 3 

I prist to •ncountnring- foroigrn. htgtily rsactivo antigran* 

I 151 . 
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Aa p**vio4«Xy Bt*t«d autoraaotiva B n«tlla j?«pr*iant tha 
pirosany of aalf apaciSic S Coll pricuriorH, which ariit during 



ontogeny, Whatever th«ir origin, the exirtenff* off «ueh large 
muTOjWB «£ autore&ctiva e calls, HXpraaiiing 4 wide va.ri*ty <?f 
apnei£iaiti4», Uads it, fcha 4><iw*J,wsion ihat they probably h«™ 
an important physiologic function. A summary of the important 
th*!orio» *xpi*ining the biologic role of WAX' « it pra»osted in 
table no. XX. 

Qraiax [795 wae tb* firat _ t* isn^f*** * bi«l««ric roXo •£«? 
"■g taiA'at i« maintaining hgm»osfc*sis . At a. ti»4 vh«ft the ecncept* of 

^ "horror autotoxious" and "fsifhIddBn clonec" still prava.lifcd, hm 

j£ «Uf3'*et«d thifc *Utc.i.nti.bodiQa A^e £orm*d ngrmally *s 4k p&rt of a 

-| pbyMiolsgiaal rmjchaniam for cleansin? the organism of awLf and 

| nor»-n«l£ products . Graiwr [79] £crmul*ted a th*ory *t*iing that 

$ entibodita &?« tra,n»porters of metabolic and cttabolic products} 

|i immurioglebulin* rea.eti.iVT with roatafeolic ouW.anoon are sLaaeie*! 

antibodien, while thoe« reacting with eatabglio products are 
■|| XUtoantibodiBB , "h*.rc£or«, Gi'S.ba.r views immunoyisimline not ft* a 

;§£ pp*cific de£ ana* tyutnm, but rather *■ a physiological mechanism 

| £tiir c3.6a.ring the prga.niBm of harmful eelf and non-self 

J lubfifesirtcsH Jjy ppusBiBAtion, which *ub**quahtly leads to their 

§ phagaoytoBiB and dig«iti'en . A good «x*mple of this mechanism was 

£ the finding of a new KAA reacting with alpha-gal tefc*»yl J**«idii*s 

"3 of human KBC m-mbrano . Thi* AA, which was foy.nd in sha »*?um 

J of all healthy individualn Htudi«d, in b«li«v*d to be important 

in tha process of degradation of aanaeaa^ erythrocytes . 

An interacting hypothesis proposed by Cohan atid Cook* [80] 
view* NAA ay^thaai* the RBBhaniim ior ichitving naif 

tolerance. Thia seemingly pniTad$Xic»X hypothesis et*t«JS Tihat 
N\A'* displaying lew affinity forf self ant i pans may prevent 
aat effective clones from reacting vigorously with a elf intljana 
by binding to the«-4 antigens and meaking thuix antiganic 
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aat«rmin*nt« . It L* Wail known thai self mimicking epitope* on 
Foreign invading agentc tt^ah ao bactesU a?* capable of 
tr&grgwing vigorous, autoimmune reepcnoft. Therefore, the injuria 
ftyufcswi rou*t have way* of avoiding retinites to a«I£ miwiekins 
dsfcenrtinenta while r siting' with adjaoen-; ?or»tgn structural* > 
Cbhen and Cooke luggest that NAX'a act 4b » 5iUer th*t Qnablcu 
^ Ortly non-sol£ a.ntig-*nB to indues a pouu;rful immune response, 

while antigens masked by tha pre-forft-d WLV * fuJA fee *J,i<?iU an 
% Jtggrenwiv* jf*r^<in»«, Alternatively, NAA'a wy prevent 

d autor motive B cells from reacting with self antigens hy 

i blocking the receptor* on these etUt, thereby dowar-ejrulating 

ta their own oyntheeis vU ths interaction with oftll surfacs 

,£> reeepiere tS3]'. The Cohen aitd C*oke hyp*th«*i«i in v*ry 

o otmtreverpi*!, and Usjiiraki £$43 ehaller.ged it by brincring 

experimental evidence which contradicts it, Dsiarski C941 points 
^ to the well establish «d phenomena that 2gtt antibodies tan 

3; specifically enhance humeral immune jreeponts* when Adminiit^red 

with s? wifcheut feh*ir reapectivs Antigen, wl**5?e&e IgG antibodies 
suppress fchaae r-sspoim ■» < since NAA's are primarily IgM, he 
claims that they would hm expected ettha^fco s-aehor' thth 

flu.p»sf**« the eutaimmuue reepenaea in tit h«lt, and av*n may 
trigger _ the development of Autoimmune ... cia ease , However , it 
should be emphasised that a »ub*t*nti*l portifln Of NAA' a fcre Of 
the IgS class [2,5, 93 . Hor*over , in kh* studies of AyrameaD and 
colleagues £53 it was found that 70* e>£ tha NAA' » pwified were 

Others think that the role of NM'a ia exactly thn opposite, 
namely in triggering B cells to reapaad C193 . I»deeA, ata 
Daiarski point* out £34J , igfl ^ntiiediee, vhich constitute the 
majority of NAA' s » can enhance humoral immune response* , This 
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hrpath»ni« claims thai contact with s«lf antigens may i>e vital 
for priming- the csllular iwmuna aygfetm, a phanftmanon which h»n 
bssn eUwonatrated Jo* wajor histocompatibility a»tijan« [81,82] , 
but fcha.fc g*n be Mtendwd to apply to any sal*? antigen. Vhila f 
cell eelf r«eogniti.on may be raairiafeftd to HLA *!*tisr«i» , B o«H 
reactivity, whion may ilse. 3?o d^p^ndant on a«lf raoayuition, 
eart i»*s rt«!di*tod vi* NAA's. Tho thuqry can be furthes? **tBnd«d, 
and p»rh»ps AA'k piiji 4 ml* in any ealX to cell r««jgrn£tion And 
int Miction. However , tHoro ara no auffidiont dfit* to support 
Mil* vlou. 

The uncavajliny of tho ddiotypio-inti-idiotypdc n«tweri, whilu 
ehftddirtsr light an eoni of th« mysnftjritnf of imtnunwagulatien , 
cT*at«*d ^ustiel** -so™? em ins antibody and autoantibody 

lyntHaaia, Several linax of nvi&ance support tb*j notion that 
inti-idiofcypis Anfcibodion pl*y * rajulafcftry role is th* normal 
immune renpons*, For example, anti-idietype pr eduction has ba*n 
dflmonstratad during the r«tp«ni« to TN* in both ehiekatt ».«d mice 
tSS] Actually, the idiotypAe-anti-i&iofcypic reactions v*r* tha 
first immune processoa shown to involve *ufco«.ntibodifctt , nervine 
ts> upraguiata or down-cgulut* immune rnaperta*K , Althcug-h th* 
idlotypit?-*nfcjt,-idtotypia raapemaas at ill await elucidation, it 
hfta been a up job tod that ,We ats part *£ thin comply network 
[3S3 , Tw dute there acs only * f«y rapoirts on Una Daytifiipatian 
sf NAA* 1 in idiotypic r*»ff'Ort)ni*i h9v»v»r, th* ong-oing rosaaroh 
into tha function of th* idiotypic network will certainly s»sv« 
to olueidvsa thfe role of NAA'b in these eom»laX immun* yisiumni, 

In ooneluaion, wa prcpon* a difx«r»nfc function for NAA" e , 
namaiy «nh*noing hoafc immune r*<Letio»& to foreign infectious 
ac*nt». It La wall town that B o*ll activation by T calls 
rsqtiiras binding- of T call recap* or* to c3,a»Rtad HLA aatiy>n. 



on th« » 0*11 m»«fcr*ii*. In & titular nt*nn«r maercphagt 
activabion re«fuiro« recognition of *.tid binding to OR 
d,*t«rmin»ntB on th* T tmli imrfaea, autoimmune r^npon*** 

*re * prwraquiaat* te any normal immune j?*A«tion without which 
foreign antigens could not b* raeogniaed , and th««foro would 
not 5«nors.te a normal immun" raapona*, W* ttU^, that NM'i art 
pa»if<j bhia ayntdm, £u,rtotioninj to »tr*ngth«n IjpmUua responaeH 

ta iavaaisigf arganisms . Whon, for »eampi#, a o*ll in infm-otad by 
a vL.-m, vie*l *ntigr*r.» *xprBai*U wi t.h» aaU au^faee. 

Antib<sdi.e» fwrmea against th«s» viral m«fflS>fan* *ntier*n.s bind to 
th*m, thmraby inducing a ffompl*m«nt r*aofcion or opsonization and 
phagijcytftai*, Wt b«liev« that px-ft-formad autoantibodies binding 
to lalf inttgann on »ueh in iLnfectid tan anhanc* th* 

taction indwswd by th* anti-viral anfcibodias, Thia can be 
achiavnd by improving tha capping pr&o*»« on th* call inambiran*, 
«r by indusing epnoniaat Aon in conjunction with th* clataioal 
anti-viral antibodies. NAA'a may ev*n b« . NsasntiaL for 
macrophage And kiU«ff Coll _ recognition of infactad hUi i.n 
eitaetly tb« »ame way that MHC detetmin&ntu aro n«c»a»try For T 
call recognition. Xndasd, natural anfeibsdy X«v«la w*ra foiled CO 
correlat* with howt re«latanq» find dlanaa* eutoama [20, 21}. 
Mow^v«S, tft 6 Validity of au* hy^th**!* car b« a sa «iss(sd only toy 
further rfeadioa on th* participation p£ natural *uto*ntibodlai 
. iiT> immune raspcniair 



CONCLUSION 

Th«*« a*£pta conaidarabl* aridanca ahowing- that normal hum^na 
and mic* poaB*i« lywphoeytas **cr«tinsr antibodias raaetin* with 
* v*ri*t*' of wu\f Mrttiicf-n., It Lm .atinwt-d that 10-30* of B 
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amXXs produce *ute*ntibedL*i CSO) , Furthermore, even, individuals 
with high levels of autoantibodies relatival! o£ patiento 

with autoimmune di»«***»5 may h*v* no eigns of autoimmune 
da.*****, rrAking th* line between di*«aie at*t* »nd normal state 
uncertain. Thws« *nd oth»r findings revi«u«d, b»?« illustrate 
that autoimmunity eartftftt be s?Mfatfdad Holaly a* a pafch'sX^tficaX 
fftavfcfii On the caiifcrary, Lt appear* that Aut&iraiitufte reastiarts may 

T 

Tj bt erUdial to normal irowunt) r*«ponaivenesa . HoVever, the puaal« 

5 of natural autoantibodies &• <ttily beginning- to VHir«.r*l , and it 

J anornn that w« at* •KimittinS' Only the tip of the icabsrg in this 

"f «ampl«x autoreactive Bytiem* We balieve that understanding tha 

| origin and function of NAA'e will *«rv« to eUrify th« 

£ pathogenesis of autoimmune «J,ft<j*fte* and it 1ft hoped that rifiW 

ll *xp«Aniants will help ansvar th* efuentions raited in thi* 

|1 »view. 
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